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CHLORIDE  OF  ZINC  AS  A  DEODORANT,  ANTISEPTIC, 
AND  GERMICIDE. 


By  Thomas  B.  McClixtk', 
Passed  Assistant  Surgeon,  U.  8.  Public  Health  and  Marine-Hospital  Service. 


INTRODUCTION. 


Thi.s  compound  of  chlorine  with  zinc  had  a  reputation  as  a  deodorant 
and  disinfectant  for  many  3'ears. 

It  was  used  for  this  purpose  in  a  more  or  less  empirical  manner 
before  we  were  aware  of  the  existence  of  micro-oroanisms  or  the 
nature  of  putrefactive  changes  and  long  before  it  had  been  saspected 
that  bacteriology  would  take  the  important  rank  in  the  tield  of  science 
that  it  justly  holds  to-day.  At  the  period  when  it  seems  to  have  had 
its  greatest  popularit}"  in  .sanitary  work  the  rationale  of  disinfection 
was  very  poorl}-  understood.  As  the  existence  of  germs  was  unknown 
at  that  time,  the  word  "germicide''  was  not  in  use  and  the  terms  deo- 
dorant, antiseptic,  and  disinfectant  were  used  more  or  less  inter- 
changeably and  synonymoush\  P^ven  to-day  this  is  often  the  case. 
A  sa1)stance  may  have  practically  no  germicidal  i)r()p(M-ties.  but  if  it 
has  the  power  to  mask  or  destroy  offensi\"e  odors  ai-ising  from  matter 
undergoing  decay  many  persons  will  class  it  as  a  disinfectant. 

'I'his  error  is  often  productive  of  unfoi'tunatc  conseijiuMices  in 
liandling  and  disposing  of  infected  material  and  \ery  much  augments 
the  difficulties  that  l)eset  the  sanitarian  in  the  performance  of  his 
duties.  It  is  too  often  observed,  aboard  shi[),  for  instance,  that  the 
n;aster  considers  his  vessel  disinfected  after  using  a  small  (luantity  of 
one  of  the  various  preparations  sold  on  llu^  market  as  a  (iisinl'cctant. 
The  pre])ai'ation  used  may  or  may  not  have  germicidal  properties; 
but,  assuming  the  former  condition  to  b(»  the  cas(>.  the  (|uantity  used 
is  usually  so  limited  that .  as  a  rule,  all  that  i>  accomplished  is  a  C(M'- 
taiii  amount  of  deodorization. 

Of  cours(»  there  is.  to  a  certain  cxtcnl.  a  relation  existing  betwecMi 
the  (eniis  in  (|ue--tion.  a  disinfectMiit  u^uallv  Ixdng  a  deodoraiil.  tail  a 
deoflorant  is  by  no  means  iilwavs  m  disinfectant  or  excn  an  antiseptic. 
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Man  naturally  has  an  instinctive  repugnance  to  all  offensive  exhala- 
tions, and  from  the  earliest  times  has  souoht  to  overcome  their  presence 
in  some  way.  and  it  is  natural  that  any  substance  giving  promise  in  this 
field  should  gain  more  or  less  popularity. 

Not  nianv  vears  ago  the  inhalation  of  foul  odors  was  regarded  as  one 
of  the  principal  etiological  factors  concerned  in  the  transmission  of 
some  of  the  infectious  diseases.  \\  hich  may  in  part  account  for  and 
have  justiticd  the  use  of  chloride  of  zinc. 

There  is  no  douht  that  the  virtues  accredited  to  chloride  of  zinc  have 
l^een  acquired  largely  through  what  power  it  may  have  for  remov- 
ing uhnoxious  etHuvia  and  not  because  of  its  power  to  destroy  micro- 
orgjinisuis. 

The  literature  covering  the  experimental  work  that  has  been  done 
with  chloride  of  zinc  for  the  purpose  of  ascertaining  its  antiseptic  and 
gcrmiiidal  in'opcrties  is  nuniger.  and  the  results  that  have  been 
pul»li-hed  Vty  ditierent  inv(\stigators  ai'c  not  always  satisfactory  and 
>ometinies  cont radictory . 

REVIEW  OF  LITERATURE. 

Chloride  of  zinc  as  a  deodorant  and  disinfectiint  was  very  popular 
in  the  British  navy"  about  the  middle  of  the  last  century,  some  of  the 
naval  niedical  otH<'ers  strongly  recommending  its  use  in  the  treatment 
of  dy>enlery  and  in  preventing  the  spread  of  cholera.  It  was  found 
particularly  useful  in  overcoming  the  disagreeable  smells  arising  from 
the  excretions  of  patients  sick  with  these  diseases. 

The  deputy  insj)ector  of  I'oyal  naval  hospitals  in  Hernuula  published 
a  report  in  ls.54''  in  which  he  regarded  chloride  of  zinc  as  a  most 
|)<>werful  and  instantaneous  dectdoi'ant,  and  he,  too.  used  it  with  great 
success  in  overcoming  the  foul  emanations  arising  from  ])atients  lying- 
in  the  wards  in  every  stage  of  the  worst  foinis  of  yellow  fe\ cr.  'IMie 
waving  of  flags  moistene(|  with  the  solution  and  the  eniploynuMit  of 
other  nu-ans  rt'cotnnicn.liil  for  its  use  dis-ipated  I  lie  foul  air  and 
rest*)retl  fiolme-^. 

( '<»nce  rni  I  ig  chloride  of  zinc  a>a  disinfectant,  the  royal  xientitic  depu- 
tation of  medical  ollicers,'  I  s;,(;.  states  that  ihrre  is  no  doubt  and  no 
further  re>earch  is  necessaiy  to  ^how  lliat  a  solution  of  /in"'  chloride 
will  perform  very  good  Morvice  in  protecting  the  bilge  and  preventing 

"  Koyul  Nnvul  Mc«liciil  Hc|i<irtH:  KxtnuMH  fruni  ollirial  rrpdrlH  upon  the  effects  of 
chloride  of  zinc  in  <l<'(Mlori/.iii>.'  <iff(n.«i\r  •■llliiviii  from  cesspools,  wwcis,  rlc,  and  in 
<l<Tiiui|Mit<in(;  |M>i.wiiioii.«  fmaniitionH  from  the  lK»dii'H  of  iIiom- affi-cted  lp\ contagious 
diw?!!^-".     MihI.  TinifH  and  <ia/..,  London,  \HM,  n.  h.  7,  pp.  Itll-IUI. 

'' Ilil'lilrh,  K.:  ll««port  on  drodorizinjf  and  diHiiifi-ctinj;  propt-rtics  of  tin- rhloridf 
of /inc.     M(h|.  Tiui«-H  and  (»a/,.,  London,  1K54,  n.  h.  !»,  p.  lot;. 

•  ('••Imt  di-n  Chlor/.ink  hIh  Det'infei-tionHiniltcl.  N'ii-rtflj.  f.  ^laitlil.  uml  off,  Mcdj- 
«in.  Il«Tlin.  1K.VI.  pp.  j(»»-107. 


bilge  water  of  ships  from  putrefying,  aud  in  improving  the  smell  of 
water-closets,  etc..  but  that  it  is  not  to  be  preferred  to  chloride  of 
lime  aud  chlorine  in  contagious  diseases. 

In  1ST5  and  1876  Pettenkofer  and  Mehlhausen«  directed  a  number 
of  trials  in  the  German  fleet  upon  the  disinfecting  value  of  zinc  chlo- 
ride. Bilge  water  of  a  specific  gravit}'  1017  to  1035,  with  a  slightly 
alkaline  reaction,  at  a  temperature  of  20^  to  30'^'  C,  was  treated  with 
a  solution  of  50  to  60  per  cent  strength  in  the  proportion  of  1:100  of 
bilge.  A  grayish  flocculent  precipitate  rapidly  settled,  leaving  a 
nearly  clear  yellowish  liquid.  All  odor  ceased  and  the  organisms 
seemed  to  be  killed.  At  the  end  of  four  weeks  the  mixture  showed 
no  signs  of  change.  One  part  of  the  solution  to  1,000  of  bilge  caused 
a  decrease  in  the  odor;  2  to  1,000  completely  removed  sulphuretted 
hydrogen,  much  reduced  the  rancid  smell,  and  preserved  the  liquid 
for  fourteen  days. 

The  German  cholera  commission  of  1879  *  prescribed  zinc  chloride 
for  the  disinfection  of  bilge  water. 

Grace  Calvert^'  found  that  a  solution  of  albumin  to  which  1  per 
mille  of  zinc  chloride  was  added  required  over  forty  days  before 
germs  developed. 

Sternberg '■  in  1881  performed  some  experiments  to  ascertain  the 
germicidal  value  of  chloride  of  zinc.  He  inoculated  three  rabbits 
with  0.5,  1,  and  2.5  per  cent  solutions,  respectively,  that  had  been 
mixed  with  the  blood  of  a  rabbit  dead  of  mouse  septicemia  {B.  muri- 
sej^tlcus)  and  allowed  the  mixture  to  stand  from  2<»  to  3<»  minutes  before 
inoculation.  The  rabbit  receiving  the  1  per  cent  solution  was  the  only 
one  to  die,  the  other  two  recovering. 

Koch''  in  1881  did  some  experimental  work  with  zinc  chloride  on 
account  of  the  reputation  it  had  as  a  disinfectant.  It  was  considered  an 
etHcient  disinfectant  in  the  proportion  of  one  part  in  1,000. 

In  his  experiments  he  found  that  the  Mlcrococcux  pi'o<Ji<jl<>sus  was 
not  injured  in  the  least  after  two  days'  exposuiv  in  a  percentage  of 
1:1,000.  lie  did  not  observe  any  difference  in  the  results  of  similar 
experiments  with  a  percentage  of  1:100  for  the  first  16  hours'  expos- 
ure, but  after  this  time  observed  that  the  |)ower  to  dcveloi)  when 
transplanted  was  somewhat  diminished  as  compared  with  the  conlrols. 
The  Micrococcus  i>rod((jlosm  was  not  entirely  kiileti  after  an  exposure 
of  48  hours  in  a  percentage  of  1: 100. 

The  spores  of  anthrax  and  subtilis  grew  «[uite  as  vigorously  after  48 
hours'  exposure  in  this  percentage  as  if  they  had  not  l)een  exj)osed. 


"Kideal:  Disinfection  and  pivHervatioii  of  l< >(,.!.     Mhi:;,  |>.  l.VJ. 
''Rideal:  J)isinfec'tion  and  preservation  of  foo.l.      liK)!!,  p.  I."i8. 
«Bull.  Nat.  Board  Health  V .  S.  A.     1881,  v.  :{,  p.  21. 
</ Ueber  disinfection.     Mitt.  kais.  yesundii.,  ISSl,  p.  28. 
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The  following;    table  shows   the   results  of   his  experiments  with 
anthrax  spores  exposed  in  greater  percentages  of  zine  ehloride: 


Percentage  of  zinc 
chloride. 

;        Time  of  exposure  in  days 

.     1     1     3 

5         10 

20 

30 

■      + 
1      + 

+ 
+ 

+  i      + 
+         + 

+ 
-*- 

+ 
+ 

•) 

The  mark  +  indicates  that  tlie  spores  taken  from  the  zinc  chloride 
solution  on  the  respective  days  had  undiminished  power  to  develop. 

Anthrax  spores  exposed  on  silk  threads  in  a  percentage  of  1;2<H)  of 
zinc  chloride  di>»solved  in  ])lood  sin-uJii  retained  their  power  to  develop 
after  -J-s  hours'  exposure  e(|iially  as  well  as  the  controls.  This  he 
ol)served  under  the  microscope. 

From  his  expcrijncnts  \\o  concludes  that  ZiiC'i,  in  a  percentage  of 
1:l'|'  ha-«  no  power  to  jntluciuc  antiirax  spores,  so  far  as  their  develop- 
ment is  concerned,  after  an  exposure  of  one  week. 

He  further  concludes  that  it  is  a  fact  that  zinc  thloride  has  no 
marked  power  to  j)ii'\ent  micro-organic  growth,  and  that  it  is.  indeed, 
incomprehensihle  to  him  that  any  consideral)le  disinfecting  value 
could  he  ascribed  to  tliis  substance. 

v.  Houillat"  recognized  zinc  cliloride  as  a  good  antiseptic,  but  found 
that  a  ."•  p<'r  cent  sohition  did  n()t  kill  the  spores  of  anthrax.  To  blood 
s(M"um  atui  v<^^;[  alltunien  diluted  w  ith  two  to  four  times  their  volume 
of  water  he  iiddeil  zinc  chloride  and  ol»ser\t'd  tiiat  it  coagulated  the 
albiunen.  for-ming  an  insoluble  zinc  albuminate,  and  that.  ]U'ovid(Hl 
enough  of  the  ^alt  l)e  added  to  unite  witii  the  whoji*  of  the  all)umen, 
no  growth  can  take  place.  In  his  experiment--  with  thi>  zinc  all»umi- 
nate  he  al<o  obser\  <'d  that  it  has  some  ])ower  U>v  inhiliiting  bacterial 
growth  an<l  the  development  of  fold  odors. 

Miijiiej'  placi'd  chlDi'ide  of  zinc  in  hi-  cla->s  ;->  of  substances  as 
•■ -trongly  antiseptic'"  and  stato  that  1.'.'  parts  in  I  .oon  will  pi'e\ cut 
|Mit  lefacf  ion  in  neutral  beef  }>otiillon.  lie  places  it  in  the  same  class 
with  permanganate  of  |)ota-h.  chloi'oftnin.  cyanide  of  pota>h  and  car- 
bolic acid.  He  al>o  slate>  that  l.l*  ])ai't>  of  zinc  chloride  i>  et|ui\alent 
t<»  .''..2  parts  of  carbolic  acid  for  pre\enting  jmt  refacti\  c  changes  in 
neutral  beef  bouillon. 

St<'rtd»i'rg'  says:  '"in  the  writers  experiments  l:'i(>0  destroyed 
M/rrornrti/M  /'tisl.iiri  in  'J  hours,  hut  a  "J  per  cent  solution  was  reijuii'cd 
t<)  kill  pus  cocci  ill  the  -aiiic  tiinc;  spores  of  Itiu'illns  d  lit  Imirls  were 
not   destroyed    b\   -J  Ijouis'  exposure  in  a    jo   |>er  cent   solution.  Iiut  a 

"  Iteitniifc  /iir  Iflire  v<>ti  drr  uiilifc|iyi.«,  Iss'J. 
''!>•»<  oruiitiiHiiii'M  vivaiil.'*  <le  r;itiini«|i|icre.      ISS.S. 
'TfXt-lKM.k  <if  l>actcri..lM}fy.  is'tj.  p.  l<i.'.. 
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solution  of  5  per  cent  killed  the  spores  of  Bacilhis  suhfiJis:  in  the  same 
time." 

The  disinfecting  solution  devised  by  Dr.  C.  B.  Dudley"  consists  of 
a  neutral  solution  of  chlorides  of  copper  and  zinc  and  mercuric  chlo- 
ride put  up  in  8  ounce  bottles  and  securely  corked.  Each  bottle  con- 
tains 2.400  grains  of  zinc  chloride,  120  grains  of  cupric  chloride,  10.5 
grains  of  mercuric  chloride,  and  10  drops  of  an  equal  mixture  of 
terbene  and  spirits  of  turpentine.  According  to  Sedgwick,*  who 
examined  it  for  its  efficiency,  the  chloride  of  copper  is  added  to  tix  the 
sulphureted  hydrogen  and  the  zinc  chloride  on  account  of  its  deodor- 
izing properties.  Sedgwick  found  the  disinfectant  an  efficient  germi- 
cide, killing  the  spores  of  B.  suhtlUs  and  B.  antlwaviH  in  a  few  minutes, 
but  did  not  ol)serve  that  the  zinc  chloride  materially  contributes  to  its 
value  as  a  disinfectant. 

Sternberg''  states  that  solutions  of  chloride  of  zinc  are  largely  used 
in  this  country  and  in  PLurope  for  disinfecting  purposes.  It  is  an 
excellent  antiseptic  and  deodorant,  but  its  power  to  destroy  disease 
germs  has  been  very  nmch  overestimated.  It  mav,  however,  be  relied 
upon  for  the  destruction  of  pathogenic  organisms,  in  the  absence  of 
spores,  in  solutions  which  contain  from  5  to  10  per  cent  of  the  salt. 

On  page  20  of  the  same  essay  he  further  states  that  "chloride  of  zinc 
ill  1(1  per  cent  solution  mav  be  used  to  disinfect  the  dejecta  of  those 
sick  with  cholera  or  typhoid  fever,  or  sulphate  of  copper  in  a  solution 
of  the  same  strength  (10  per  cent),  the  amount  of  the  solution  used 
being  equal  to  the  amount  of  material  to  be  disinfected." 

Under  the  name  of  '"Burnett's  disinfecting  fluid-'"'  chloride  of  zinc 
has  had  an  extensive  use  in  England.  This  fluid  contains  from  -to  to 
50  per  cent  of  zinc  chloride. 

In  Belgium  infected  clothes  are  boiled  in  a  solution  or  a  mixture  of 
24(»  grams  of  zinc  sulphate  and  120  grams  of  salt  dissolved  in  a  pail  of 
water.' 

The  diversity  of  opinion  and  results  of  investigators  concerning  the 
vahi(;  of  chloride  of  zinc  as  a  disinfectant  is  apparent,  and  it  was  for 
the  purpose  of  detei'miiiing  the  real  merits  of  chlori(U>  of  zinc  as  a 
deodorant,  antiseptic,  and  gernut^de  that  this  work  was  undei'taken. 

Acl'nou'ledgiiuiit.  —  To  Dr.  M.  -T.  Rosenau,  Director  of  the  Hygienic 
Lal)oratory,  I  am  gratefidly  indebted  for  assistance  and  suggestions 
in  the  performance  of  this  work. 

«  Pa.  R.  K.  sjjecitic-ations  for  disinfectant  No.  27. 
«- Technology  (jiiarterly,  v.  6  (2),  .Inly,  ISiCi. 

'"Sternyjerg:  Lonib  Prize  Essay — DisinfiM-tion  :iii<l   imliviilnal  pruiiliylaxis  against 
infections  diseases,     p.  li>.     lievised  edition,  LSW. 
''Hideal:  Disinfection  and  preservation  of  foods,  190.S. 
''Rideal:  Disinfection  and  preservation  of  food,  190.S,  p.  Mb. 
2G8(i7— No.  22—05 2 
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PHYSICAL  AND  CHEMICAL  PROPERTIES. 


According  to  the  United  states  Pharnuicopteia.  chloride  of  zinc 
(ZnClJ,  as  found  on  the  market,  is  a  white,  granuhir.  friable,  translu- 
cent powder  "or  porcelain-like  masses,  irregular,  or  molded  into  pencils, 
odorless,  and  of  such  intensely  caustic  properties  as  to  make  tasting- 
dangerous  unless  the  salt  bediluted.  when  it  has  an  astringent,  metallic 
taste. 

It  i.--  very  deliquescent,  and  owing  to  its  hygroscopic  character  should 
he  kept  in  bottles  closed  with  paraffin.  It  is  possessed  of  dehydrating 
j)owers.  removing  oxygen  and  hydrogen  from  organic  matter  in  the 
form  of  water,  which  probably  accounts  for  what  intluence  it  exerts 
as  an  anti.septic  and  germicide.  It  is  soluble  in  al)out  U.o  part  of 
water  at  I.t  C.  forming  a  clear,  viscid  solution,  whii'h  on  l)oiling 
deposits  a  basic  .salt. 

It  is  practically  impossible  to  obtain  zinc  cidoride  entirely  free  from 
l)asic  salt,  and  the  U.  S.  Pharmacopceia  prescribes  the  limit  of  this  ))y 
directing  that  1  drop  of  hydrochloric  acid  shall  clear  up  opacity  caused 
in  5  c.  c.  of  a  5  per  cent  aqueous  solution  of  the  salt  l)y  the  addition  of 
an  etjual  v<»lume  of  alcohol. 

In  v<)ni»'\vhat  aqueous  .solutions  zinc  chloride  undergoes  partial  hydrol- 
ysis, the  precipitate  consisting  of  basic  »)i'  iiydroxy-chlorides,  e.  g.. 

ZnCl,  +  H,0  =IICI-ZnjJ!f\     This  th.cculcnt  precipitate  can  be  cleared 

l)y  the  careful  addition  of  dilute  hydrochloric  acid. 

The  r.  S.  Pharmacopo'ia  reijuires  that  the  official  salt  contain  not 
los  than  '.•:». .s4  per  cent  of  zinc  chloride.  This  can  be  determined  by 
dissolving  <».3  gram  <>f"  diy  chloride  of  zinc  in  lt>  c.  c.  of  water  and 
adding  •_' drops  <jf  chroniatc  of  potash,  when  it  «.liould  rc(|uire44.1  c.  c. 
<»f  a  d«'<inormal  ->ilvcr  >olntion  to  produce  a  i)eiinanent  red  color. 

NN'heii  heated  t.»  1  1.'.  C,  zinc  chloride  tii>e^  to  a  cleai-  liqnid.  .\t  a 
higher  tenq)eratuie  it  is  jiartly  volatilized  in  den-e.  white  lunio  and, 
in  part.  de<(>nq)o->ed.  |ea\  ing  a  residue  of  zinc  oxide. 

The  a<jiUM)U.s  solution  tmii>  Mik-  litniu-  papci-  red. 

A  ;■>  ]>er  cent  -oliilion  pioijiu-e-  no  coi  r<)Ni\  c  action  on  iron.  Iii'ass, 
wood,  or  caoutchouc,  and.  it  i-  -aid,  doe.>  not  ro*  ordinarv  fabrics,  luit 
«'uu.ses  a  leddeiiing  and  smarting  .sensation  when  applied  to  the  skin. 

I.inen  threads  and  hair  ai'e  not  apparently  allected  aftei-  thirty  days 
exposure  in  a  joii  per  cent  >olu(i(»n  of  zinc  ddorid.  luit  the  same 
strength  solution  gradually  destroys  cotton  and  >ilU  threads.  'I'his 
deslruclion  i-  so  complete  at  the  end  of  tenorelevi-n  days  that  no 
e\  irlence  of  the  presence  of  the>e  mate  rial-  in  t  he  -ol  lit  ion  is  observable. 

'\'\tv  Phaniiacopoial  solution  of  zinc  chloride  (liquor  zinci  chloridi) 
ban  II  Hjx'cilic  gra\  it  \  of  altoiit  l.:i;'i."»al  I.",  ('.and  contains  about  50 
]n'V  cent  liy  weight  ot  the  smU. 
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It  is  practically  identical  with  Burnett's  disinfecting  fluid. 

In  the  preparation  of  the  percentages  of  zinc  chloride  used  in  the 
following  work  100  per  cent  solution  was  first  prepared  by  adding 
enough  distilled  water  to  a  given  number  of  grams  of  the  dry  zmc 
chloride  to  make  the  same  number  of  cubic  centimeters  of  solution, 
e.  g.,  to  100  grams  of  dry  zinc  chloride  sufficient  water  was  added  to 
make  100  c.  c.  of  solution.  This  solution  was  kept  as  a  stock  from 
which  the  weaker  dilutions  were  made. 

PROPERTIES  AS  A  DEODORANT. 

Chloride  of  zinc  is  capable  of  combining  with  hydrogen  sulphide, 
ammonia,  and  other  offensive  products  of  putrefaction,  forming  com- 
pounds that  are  comparatively  odorless;  hence,  zinc  chloride  is  a 
deodorant.  It  is  probable  that  this  property  is  more  or  less  responsi- 
ble for  its  historical  reputation  as  a  disinfectant. 

Zinc  chloride  unites  with  the  ammonia  given  off  from  organic  matter 
undergoing  decay  to  form  ammonium  chloride,  zinc  hydroxide,  and 
various  other  compounds.  With  hydrogen  sulphide  it  unites  to  form 
zinc  sulphide,  but  the  union  is  so  feeble  that  it  is  rather  easily  broken 
up  again  into  hydrogen  sulphide,  etc.  As  the  sulphide  of  copper  is 
a  more  stable  compound  than  the  sulphide  of  zinc,  chloride  of  copper 
is  sometimes  used  for  the  purpose  of  fixing  the  hydrogen  sulphide. 

Experiments  were  performed  to  ascertain  the  value  of  chloride  of 
zinc  as  a  deodorant.  Its  properties  as  a  deodorant  were  also  observed 
and  noted  in  the  experiments  that  were  conducted  to  determine  its 

antiseptic  powers. 

Erlenmeyer  flasks  were  partly  tilled  with  definite  quantities  of  sew- 
age (human  excreta,  stable  manure,  etc.)  and  varying  definite  quanti- 
ties of  zinc  chloride  added  in  order  to  determine  its  doodoriznig 
powers.  As  this  property  is  a  more  or  less  variable  one  depending 
upon  time,  temperature,  and  kind  and  ([uantity  of  organic  matter 
present,  one  series  was  kept  at  room  temperature  and  another  placed 
in  the  incubating  room  at  a  temperature  of  37  V.  The  zmc  chloride 
was  added  in  strengths  vary  ingfroml:li).(><»o  to  1:. 5.).  It  was  observed 
that  when  zinc  chloride  was  added  to  the  at>()ve  solutions  in  a  propor- 
tion as  little  as  1  part  in  10,000  a  slight  diniunilion  of  the  odor  was  at 
once  perceptible.  This  became  more  marked  as  the  proportion  ot 
zinc  chloride  was  increased  until  in  the  strength  of  1:800  only  slight 
odor  could  be  detected.     In  a  strength  of  1  :!>(>(»  the  odor  was  practi- 

callv  destroyed. 

ill  the  series  allowed  to  stand  at  incubator  temperature  the  deodor- 
izin«.-  power  graduallv  diminishe.i.  At  th.>  end  of  ten  days  a  slight, 
but'iot  disagreeable,  odor  was  pivseni  in  dilutions  of  l:r.(».  inen>asing 
in  the  higher  dilutions  until    in   strengths  <,f    1::;()0  the  cdor  became 
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offensive.  In  the  flasks  kept  at  room  temperature  the  changes  were 
simihir  to  ))ut  not  so  marked  as  in  the  incuhator  series. 

Zine  chloride  is  still  less  ettieient  as  a  deordant  in  the  presence  of 
organic  matter  of  vegetable  nature.  Some  flasks  were  prepared  as 
al)Ove  with  the  addition  of  particles  of  ^■egetal)le  matter,  such  as  cab- 
bage, etc..  and  kept  at  room  temperature.  In  the  flasks  containing 
dilutions  of  1:3<>0  the  odor  gradually  iiureased  as  the  vegetable  matter 
imderwent  decay  until  about  the  seventh  day.  when  the  odor  was  verv 
ort'en^ive.     No  odor  was  apprecia1)le  in  strengths  of  1:5<>. 

In  dilutions  of  Li'on  the  \egctable  matter  was  preserved  at  the  end 
of  14  days  and  the  odor  was  very  mild  in  comparison  with  the  odor 
from  the  flasks  containing  the  dilutions  of  1:300.  In  those  flasks  that 
contained  a  le>«>  percentage  of  zinc  chloride  than  1:2<'0  the  degree  of 
odor  an<l  tlie  time  necessary  for  decay  and  disai)])earance  of  the  veg- 
etabh'  matter  \aried.in\ ei'sely  as  the  pro\)ortion  of  zinc  chloride  added. 

The  deodorizing  value  of  zinc  chloride  was  next  determined  in  the 
picseiu-e  of  les-N  organie  matter  than  the  above  experiments.  For 
this  ])ui"|K)se  ordinary  bouillon  was  inoculated  with  garden  earth  con- 
taining various  organi>ms  aiid  allowed  to  stand  at  room  temperature, 
under  which  conditions  ihloriile  of  zinc  will  inhibit  tln^  production  of 
foul  odors  in  strength>  of  about  1:500. 

ANTISEPTIC  PROPERTIES. 

Foi-  thi>  purjKi-e  Krlenmeyer  flasks  of  about  ItMi  c.  c.  capacity  were 
pai'tly  liUed  with  nutiient  bouillon  and  the  zinc  chloi'ide  added  in  vari- 
ous detiniti"  percentages. 

When  ]>rei>ared  in  thi-  way  the  chloride  of  zinc  pioduces  a  white 
flocculcrit  prr(i|tii;i!c.  which,  on  standing,  -ettles  to  the  t»ottoin.  leav- 
ing tiie  iipj)er  poi'tion  of  the  li<|uid  its  original  straw  color  and  making 
it  po»ibh'  lo  ob-^ei'v  (•  any  bacterial  growth  that  may  take  ]>lace.  The 
<|uanlily  of  thi>  j)reci|)ilate  \aiie-«  directly  a-  the  «|uantity  of  chloride^ 
f>f  zinc  added. 

1  he  (la^l<>  lia\  ing  been  picpared  in  ihi'^  way  wcii-  abundantlv  inocu- 
]ute<l  with  ditlci-ent  inateriaU  rich  witii  organi^in-^  >uch  a-~  w  i-^ps  of 
hay.  fre-.h  >tal»h'  manure,  garden  eaitli.  etc..  and  |>la<('(|  at  idom  tem- 
peratuie.  From  day  Id  day.  up  to  the  end  <>f  the  fourteenth  day.  the 
appearance  of  nmhU  and  baclerial  growth--  wa>>  ob^eivcd.  in  ca>e  of 
doul»t  a>^  to  bacterial  growth^,  hanging  dri>p  pre|)arati(>n-^  wer»>  exam- 
ined under  the  microscope. 
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Some  of  the  results  may  be  observed  in  the  following-  tables: 

T.^BLE  A. — Restraining  poiver  of  zinc  cliloride  prepared  in  bouillon  and  contaminated  with 
rvisps  of  hay — Kept  at  room  temperature. 

[-f-  means  bacterial  growth;  —  means  no  bacterial  growth;  s.  m.  means  surface  mold;  b.  m.,  mold  on 
the  bottom;  0  means  no  growth  of  any  kind. 


Percentage 
used. 

Day  on  which  growth  appeared. 

Second. 

Third. 

Sixth. 

Seventh. 

Tenth. 

Eleventh. 

Twelfth. 

Four- 
teenth. 

1:1000.... 

1:500 

1:300 

1:200 

1:100 

1:75 

1:50 

1:45 

1:40 

1:35 

oooooooop  P 

1  1 

s.  m.  -1- 
s.  m.  -t- 
s.  m.  — 

0 

0 

0 

0 

0 

0 

0 

1 

1 

ooooooop 

-t- 

s.  m.      — 
0 
0 
0 
0 
0 
0 

s.  m.  — 
s.  m.  — 

0 

0 

0 

0 

s.  m.      -f 



s.  m.    — 
s.  m.     — 

0 
0 
0 
0 

a  Mold. 
0 
0 
0 

"Mold. 
0 
0 
0 

a  This  was  only  mold  on  head  of  hay  and  was  really  not  in  the  solution. 

Table  B. — Restraining  power  of  zinc  chloride  prepared  in  bouillon  and  Inoculated  icifh 
garden  earth — Kept  at  room  temperature. 


Percent- 
age used. 

Day  on  which  growth  appeared. 

Second. 

Third. 

Fourth. 

Fifth. 

Sixth. 

Seventh.'   Tenth. 

Thir- 
teenth. 

Four- 
teenth. 

1:1000.. 
1:500... 
1:300... 
1:200... 
1:100... 
1:75.... 
1:.50.... 
1:45.... 
1:40.... 
1:35.... 

s.m.   + 

s.m.   + 

0 

I 

0 
0 
0 
0 
0 

+ 
0 
0 
0 
0 
0 
0 
0 

s.m.    -1- 
0 
0 
0 
0 
0 
0 
0 

s.m.   — 
s.m.    — 

0 

0 

0 

0 

0 

s.  m.    -t- 

0 
0 
0 
0 
0 

b.m.  — 
s.  m.    - 
s.  m.    — 
b.m.  — 
0 

0        i  s.m.   - 
0        ;  s.m.   - 

0        1         0 
0         !         0 

""b"""' 

0 

Table  C. — Restraining  power  of  zinc  chloride  prepared  in  houillon  and  confaniinated 
with  stable  manure — Kept  at  room  temperature. 


Percent- 
age used. 

Day  on  which  growth  appeared. 

Second. 

Third. 

Fourth. 

Fifth. 

Eighth. 

Tenth. 

Elev- 
enth. 

Twelfth. 

Four- 
teenth. 

1:1000.. 
1:500... 
1:300... 
1:200... 
1:100... 
1:75.... 
1:50.... 
1:45.... 
1:40.... 
1:35.... 

-1- 
g"ooooooooo 

s.  m.  -t- 
-f- 
0 
0 
0 
0 
0 
0 
0 

+ 

g' ooooooo 

s.  ni.  — 
0 
0 
0 
0 
0 
0 

-t- 
goooooo 

b.  m.  — 

0 

II 

0 
0 
0 

"iV.VnV"' 

0 
0 
0 
0 

i).  m.  — 
b.  m.  — 
b.  m.  — 

0 

b.m.  — 
b.m. — 
b.m. - 
b.m.  - 
b.m.  — 
0 

These  experiments  were  repeated  and  the  icsuUs  vciiliod. 

In  these  e.xperiments  it  will  be  ob.servod  thiit  the  niininniin  stivnutli 
of  chloride  of  zinc  that  iidiibitcd  the  o-rowth  of  molds  for  14  days  was 
about  1  part  in  4»»,  varying-  slightly  with  thc^  character  of  the  mutcriMl 
used  for  contamination.     'I'lif  si  ifngth  that  pr(>v(Mitcd  bactciial  grow  th 
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ill  the  above  ex])erinients  was  between  1:200  and  1:100,  while  further 
and  siinihir  experiments  showed  that  a  percentage  of  1:125  inhibits 
bacterial  growth  for  21  days.  1>ut  a  growth  occurred  on  the  fourteenth 
(lay  in  a  percentage  of  1:150. 

It  nnist  be  remembered  that  the  antiseptic  property*  of  a  substance 
varies  more  or  less  with  liglit.  character  of  medium  used,  and  the  tem- 
perature, the  relative  importance  of  these  factors  increasing  in  the 
order  named.  The  influence  of  dirtused  light  is  comparatively  feeble. 
The  condition  of  the  medium,  independent  of  the  presence  of  the  sul)- 
stance  whose  antiseptic  value  is  being  determined,  is  an  influential 
factor.  A  strongly  alkaline  or  acid  medium  is  usually  inimical  to  the 
growth  of  bacteria,  and  the  nutrition  may  not  i>e  favoral)le  for  the 
development  of  the  micro-organisms  present.  A  low  temperature  will 
inhibit  bacterial  growth  and  a  high  one  destroy  bacterial  life. 

Kxperiments  weiv  performed  with  sewage  to  determine  the  iiuantity 
of  zirn-  chloride  necessary  to  prevent  the  development  of  bacteria.  A 
series  of  Masks  was  prepared  witii  an  average  sani])le  of  sewage.  Zinc 
chloride  varying  in  pro]K)rtion  from  1:50U  to  1:40  was  added  to  this 
series  of  flasks,  which  were  phned  at  room  temperature.  A  slight 
(•loudiin's>  appeared  on  the  teiitii  day  in  tlie  flasks  of  sewage  containing 
a  jicrccntage  of  1:5(K»  of  zinc  chloride. 

Another  series  of  tiasks  was  prepared  t)y  mixing  e(|u:il  ([uantities  by 
volume  of  sewage  and  tap  water.  Tlu'se  were  also  kept  at  room  tem- 
])erature.  and  it  was  found  under  these  conditions  that  in  the  per- 
centage of  l:.".i»ii  of  zinc  chloride  a  l>acterial  growth  developed  on 
the  fourteenth  day. 

In  a  thiinl  serie-  of  lla>ks  containing  s(>\\  age  and  nutrient  Itouilloii  in 
e(|ual  \-olumes  and  kept  at  room  temperature  as  al)o\('  it  was  found 
that  a  ba<terial  growth  deveh^ped.  indicated  by  the  ilouding  c>f  the 
Ixjuillon.  on  the  fifth  day  in  the  flask  containing  zinc  chhnitle  in  the 
strength  of  l:i'o(i.  Imt  not  in  a  strength  of  f:li'(iin  If  days. 

The  organic  matter  in  (he  tla^k->  referred  to  alioxf  was  nooh  preci]ii- 
lated  after  adding  the  zinc  cliloride.  and  this  \sa>  jtait  iculariy  the  case 
when  the  zinc  chloijile  wa>  in  c|naiitil\  a|t|u<>,\iinatcly  siillicieiit  to 
inhibit  lia<terial  growth.  Thi^  precipitate,  or  re>i(hie.  was  at  lirst 
brownish  in  color.  Itut  ^oon  liecame  more  or  less  l»leache<l.  The 
bleaching  was  nioic  apparmi  in  tho^e  lla^ks  recei\iiig  sullicient  zinc 
chloride  to  inhiltit  l»a<terial  ile\  ih)pmeiit.  but  was  observed  to  a  <'er- 
tiiin  extent  in  all  the  lla>.k>.  the  degree  of  which  varied  dir<>ctly  with 
the  f|iiantity  of  zinc  chloride  present. 

.\fter  the  preci|tilale  in   these  flasks  settle<l  (o  the   liotfolll  the  sup(>r- 

nalant  rK|iii<l  wa-  piaclically  clear  and  t rans|)areii(.  and  when  (he  zinc 
chloride  was  in  »|iiantity  -ullicimi    |oj)revent    micro  organic  develop- 
ment i(  gra<lually  assumed  a  >(raw  color  lesenililing  nu(rien(  bouillon. 
l'"ur(lier  vvoik  was  d<»nc  widi  these  same  flasks  in  order  todet«'rmino 
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the  condition  of  this  supernatant  liquid  and  residue  as  regards  sterility. 
In  order  to  ascertain  this,  inoculations  were  made  from  the  super- 
natant portion  af  each  flask  by  transferring  with  a  sterile  pipette  -i  or 
5  drops  of  it  to  nutrient  ])oaillon  and  placing  it  in  the  incubator  at 
37'"  C.  Considering  the  absence  of  growth  under  these  conditions  as 
evidence  of  sterilitj'.  the  following  tables  will  show  the  results  obtained 
with  the  supernatant  portion  of  the  different  series  of  flasks  containing 
various  percentages  of  zinc  chloride: 


Table  A. 


-Germicidal  influence  upon  the  supernatant  liquid  u-hen  zinc  cJdoride  is  added 
to  ordinary  seicuge  and  kept  at  room  temperature. 

[—  means  growth:  —  means  no  growth.] 


Percentage  ZnClo. 


Time  of  exposure  in  days. 


1 :  500 1  + 

1:200 1  + 

1:100 + 

1:75 + 

1:50 + 

1:45 + 

1:40 + 


7. 

9. 

10. 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

•t- 

— 

+ 

— 

— 

~- 

~ 

12.        14. 


+  + 

+  + 

+  - 


T.^BLE  B. — Germicidal  influence  upon  the  supernatant  liquid  when  zinc  chloride  is  added 
to  equal  volumes  of  ordinary  sewage  and  tap  water  and  kept  at  room  temperature. 


Percentage  ZnCLj. 


Time  of  exposure  In  days. 


1:500 
1:200 
1.100 
1:75. 
1:50. 
1:45. 
1:40. 


t     + 


10. 


12. 


Table  C. — Germicidal  influence  upon  the  supernatant  liquid  when  zinc  chloride  is  added 
to  ordinary  seu'uge  and  bouillon  and  kept  at  room  temperature. 


Percentage  ZnCl.j. 

Time  of  exposure  in 
days. 

6. 

7^ 

10.    1    14. 

1:500 

1:200 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

1 

1      1 1 1 ++++ 

1 1 1 1 +++ 

1    100              

1-75 

1  •  .50                

1   45        

1:40 

From  the  al)Ove  results  it  will  be  observed,  as  might  be  expt>ctcd, 
that  the  microorgani.sms  rcmaiiifd  vial)l('  longer  in  the  flasks  contain- 
ing the  most  nutrition,  other  things  b(^iiig  equal.  The  sujxM'natant 
portions  of  the  two  series  of  tlasks  containing  no  uiUritMit  bouillon 
were  sterile  at  the  end  of  14  days  in  a  [)r()i)()rti()n   of  /.inc  chloride  of 
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l:loi».  while  in  the  serie.'?  to  Avhich  houilU)n  was  added  it  was  sterile  at 
the  end  of  the  same  time  (1-i  days)  only  in  a  proportion  of  1:  75. 

Inoculations  from  tiie  residue  in  the  bottoms  of  these  same  tlasks 
made  into  nutrient  bouillon  in  the  same  way  as  the  above  showed  that 
some  microorganisms,  probably  spore-bearing,  were  still  viai)lo  and 
capaVde  of  multiplying  in  all  the  Hasks  after  standing  21  days.  As  can 
be  ob<;erved.  the  largest  percentages  of  zinc  chloride  used  in  these 
series  of  experiments  were  1:40. 

A  series  of  tlasks  was  next  prepared  containing  ordinary  sewage,  to 
which  was  added  ])articles  of  vegetable  matter,  such  as  cabbage,  etc. 
Zinc  chloride  was  added  in  detinite  cjuantities  varying  from  1:  l.tKto  to 
l:4o.  The  tlasks  were  kept  at  room  temperature.  At  the  end  of  14 
days  the  particles  of  floating  cabl)age  were  still  well  preser\od  and  the 
>upernatant  liijuid  was  a  straw  color  in  those  tlasks  containing  zinc 
chloritle  in  a  i)ro})ortion  as  large  as  l:2(t<i. 

In  the  tlasks  of  this  series  containing  zinc  chloride  in  the  proportion 
a.s  small  as  l:;:)oo  the  li<|uid  took  on  a  brownish  cloudy  api)earance  and 
the  j)articles  of  cabbage  gradually  disa[)prared.  This  decay  and  dis- 
appcaiance  of  the  vegetable  nuitter  was  of  course  more  raj)id  in  the 
higher  dilutions  of  zinc  chloiide. 

In  the  foregoing  ex])eriments  for  asceitaining  the  antiseptic  prop- 
erties of  ziiu-  chloride  the  solutions  alway-  l)ecame  decidedly  acid, 
whi<-h  has  a  certain  tendency  to  iidiil»it  decay  and  the  growth  of  micro- 
organism-s. 

GERMICIDAL  PROPERTIES. 

For  determining  the  germicidal  value  of  chloride  of  zinc  various 
definite  percentages  were  ]>repared  in  di->tilled  water  and  about  4.5 
e.  c.  of  each  strength  placed  in  a  test  tube.  These  were  then  inocu- 
hited  by  adding  <>..')  c.  c.  of  an  emulsion,  in  di'^tilled  watei',  of  the 
organi->inx  to  l>e  used,  carrying  o\  er  as  little  organic  matter  as  possible. 

('nlture-  of  the  ditl'erent  oiganisms  used  for  this  purpose  were 
grown  on  agar  slants  for  24  hours  at  a  temperature  of  ;'»"    C. 

Plants  were  then  made  in  stt'iile  bouilhin  at  deliniti*  intervals  by 
mean>  of  a  wire  looj).  They  wer«;  then  j)laced  in  the  incubator  at  a 
teni|teniture  <»f  ;»"     (".  and  the  results  noted  fr<»ni  day  to  day. 

The  result-"  of  the  germicidal  action  of  zine  chloiide  upon  pure  cul- 
tures of  the  diHerent  organi-tns  used  are  ^howii  in  the  t'ollowing  tabie>: 

(    -t-   IJU'Mlli  Krowtli  ;         nifiili"  111!  iiniwlli.) 
HACILLI'H  CULI  COMMUNIS 

Tlini-  of  expomirt*  In  niiiiun"'. 


I'l-rtHMiUKi' 
iixol. 


in        iTi.      ■JO.       •;.'.,       no.       lo.    '   .'lO.    '   no. 
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BACILLUS  TYPHOSUS. 


Percentage 
used. 

Time  of  exposure  in  minutes. 

1. 

2. 

5. 

10. 

15. 

20. 

30. 

40. 

60. 

60. 

+ 
+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

1 

10 

15 

25 

VIBRIO  UHOLERiE. 


Percentage 
used. 

Time  of  exposure 

in  minutes. 

1. 

2. 

5. 

7. 

10. 

15. 

20. 

30. 

40. 

50. 

60. 

0  5 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

1.0 

+ 

+ 

+ 

_ 

_ 

_ 

3.0 

+ 

+ 

+ 

+ 

+ 

— 

_ 

_ 

— 

_ 

5.0 

+ 

+ 

+ 

— 

— 

— 

— 

— 

— 

— 

_ 

10.0 

+ 

~ 

~ 

— 

— 

— 

— 

— 

B.\CILLU.S  DY.SEXTERI.E  (SHIGA). 


Percentage 
used. 

Time  of  exposure  in 

minutes. 

1. 

4. 

5. 

10. 

20. 

30. 

50. 

60. 

+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 

i 

+ 
+ 

+ 
+ 

+ 

+ 

10 

15 

25 

BACILLUS  DIPHTHERLE. 


Percentage 
used. 

Time  of  exposure  in  minutes. 

1. 

3. 

5. 

10. 

20. 

30. 

50. 

60. 

3 

+ 
+ 
+ 

+ 

+  +  +  1 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

10 

25 

STAPHYLOCOCCUS  PYOGENES  AUREUS. 


Percentage 
used. 

Timet 

f  exposure  in 

minutes. 

5. 

10. 

15.. 

20. 

30. 

40. 

50. 

60. 

5 

10 

+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

4- 

+ 
+ 

+ 

15 

25 

STAPHYLOCOCCUS  EPIDERMIS  ALBUS. 


Percentage 
used. 

Time  of  exposure  in  minutes. 

1.- 

8. 

5. 

10. 

20. 

30. 

40. 

4- 
+ 

51. 

l'>0. 

3 

+ 

+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 
-t 

+ 

+ 

+  1  1  1  1 

5 

-   1   1 

10 

15  . 

25 

(^)lilrols  nil  KTt'W  witliiii  21  liuurs. 
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The  foreo-oing  results  demonstrate  that  under  the  most  favorable 
conditions  zinc  chloride  is  inethcient  as  a  germicide  for  practical  pur- 
lX)ses,  as  it  will  be  observed  that  the  pyogenic  organism  Stajf/tylococcHS 
pyo(fv)ies  aureus  lives  for  50  minutes  in  a  strength  of  10  per  cent  and 
20  minutes  in  a  strength  of  25  per  cent. 

Baciflius  colt  coiniiiiin(i<  was  viable  after  exposure  for  20  minutes  in 
a  lu  per  cent  solution  and  after  8  minutes  in  a  25  per  cent  solution. 

The  VP>ri<>  chtth-rif  was  killed  in  a  5  per  cent  solution  within  7  min- 
utes and  within  2  minutes  in  a  !<»  per  cent  strength.  This  is  the  only 
organism  that  was  destroyed  by  a  reasonable  strength  in  a  reasonable 
time. 

In  the  experiment.-  for  determining  the  germicidal  action  of  zinc 
chloride  on  the  Bac'dla.^  coll  conimunk  it  was  desired  to  ascertain 
whether  the  urganism>-  were  really  dead  in  the  time  and  strengths  that 
apparently  were  germicidal  or  simply  overcome  and  still  capable  of 
reviving  in  case  the  /inc  chloride  was  immediately  removetl  or  neu- 
tralized. Consciiuently  some  of  the  organisms  were  treated  with 
anunonium  sulphide  for  a  few  seconds.  waslnMl  in  distilled  water,  and 
planted  in  bouillon.  It  was  not  observed,  however,  that  thi-  appre- 
••iablv  altered  the  time  re(|uired  for  germicidal  action,  indicating  that 
the  organisms  were  really  killed. 

To  a.scertain  the  germicidal  value  of  zinc  cldoride  in  the  presence  of 
organic  matter  as  compared  with  its  value  in  distilled  water,  experi- 
ments were  performed  with  this  end  in  view. 

Kipial  percentages  of  zinc  chloride  were  i)repare(l  in  distilled  water 
and  nutrient  bouillon,  respectively,  and  inoculated  with  ditl'erent 
oi-gani>^ms.  after  which  the  technit|ue  was  tln^  same  as  above  described. 
The  results  are  shown  in  the  following  talile-.  where  comparisons  may 
be  made. 

Taiii.k  a. — Germiridnl  retiitlli'  irhoi  the  B.  prodii/ionHH  nns  t'.fpostd  in  percentafje."  of  zinr 
rliloriili'  prrporul  iii  (liKlilltd  irater. 


Time  of  exposure. 

ZiiClj. 

^  inin- 

iit<«. 

lOniin- 

•JOmIn    •l.'imln-l 

UI«'S.          lltCM.     ' 

1              -2              A 
howT.     hnnrs.    hour". 

5 
hours. 

hours. 

1" 

Tahlk  .M. — Siiiiif  im  T'lhlf  .1,  irlini  tuitriod  fmnilloii  imn  nmil  inxlrml  i>f  ilistillol  inilir. 


TimcofexfKwiin 

1      1 

2      i 
hollp.. 

3 

hiilli- 

■MP.. 

IM 

lioim. 
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Table  B. — Germicidal  results  ivhen  the  B.  jniocyaneus  ims  exposed  in  percent<tges  of  zinc 
chloride  prepared  in  distilled  v-ater. 


Percentage  ZiiCl;. 

Time  of  exposure. 

10  min- 
utes. 

20  min- 
utes. 

30  min- 
utes. 

2 
hours. 

3 

hours. 

5 
hours. 

7 
hours. 

18 
hours. 

5 

+ 

-i- 

+ 

-t- 

-1- 
-t- 

+ 

+ 

+ 

- 

10 

25 

Table  B1. — Same  as  Table  B,  when  nutrient  bouillon  was  used  instead  of  distilled  water. 


Percentage  ZnCl-. 

Time  of  exposure. 

10  min- 
utes. 

20  min- 
utes. 

30  min- 
utes. 

2 
hours. 

3 
hours. 

5 
hours. 

7 
hours. 

18 
hours. 

.5. 

-1- 
+ 

-I-' 
+ 

-t- 

-r 
+ 

-f- 
-f- 

+ 
4- 

+ 

+ 

-t- 

-t- 

10 

25 

These  results,  contirmed  by  repeating  several  times,  show  that  when 
zinc  chloride  is  prepared  in  nutrient  bouillon  its  germicidal  value  is 
not  appreciably  influenced  by  the  organic  matter  contained  therein  as 
compared  with  its  value  when  prepared  in  distilled  water. 

As  has  already  been  stated,  zinc  chloride  produces  a  heavy  white  pre- 
cipitate when  added  to  nutrient  bouillon.  Consequently  experiments 
were  performed  to  determine  the  relative  germicidal  properties  of  this 
precipitate  as  compared  with  those  of  the  clear  transparent  portion 
that  remains  above.  A  10  per  cent  solution  of  zinc  chloride  in  nutrient 
bouillon  was  prepared  and  allowed  to  settle.  The  clear  supernatant 
portion  was  then  siphoned  otf  and  10  c.  c.  of  it  placed  in  a  test  tul)e. 
Ten  cubic  centimeters  of  the  precipitate  was  placed  in  another  test 
tube.  Beth  tul)es  were  then  inoculated  with  a  24-hoars-old  agar  culture 
of  Bacillus  ijyocijanem^  after  which  plants  at  detinite  intervals  w(m-c 
made  from  each  tube  into  nutrient  bouillon  in  the  usual  way. 

The  results  of  the  inoculations  made  every  hour  show  that  tiie 
Bacillus  pyocyaneus  was  killed  within  o  hour.s  in  the  tube  containing 
the  supernatant  portion,  and  within  4  hours  in  the  tube  (H)ntaiiiing 
the  precipitate,  indicating  that  the  supernatant  portion  has  slightly 
greater  germicidal  powers  than  the  precipitated  portion.  A  similar 
experiment  in  wliich  Bacillus  typhosus  was  substituted  for  I}<icJllus 
pyocydiicux  shows  that  this  organism  was  Uiiled  in  both  tuln's  within 
2  hours. 

GERMICIDAL  INFLUENCE  OF  ZINC  CHLORIDE  ON  SEWAGE. 

For  this  work  an  tiverage  sanii)le  of  sewage  was  selected.  Pelinite 
quantities  were  placed  in  Erlemneyer  Masks  and  heavily  inoculated 
with  a  watery  .suspension  of  a  "Jl-hours-old  agar  culture  of  lld'illux 
pi/t/ci/<iii'  U.S.     Various  delinite  percentages  ot'  zinc  cliloride  were  then 
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added  and  the  flasks  kept  at  room  temperature.  At  detinite  intervals 
inoculations  were  made  into  bouillon  and  Dunham's  solution  in  the 
usual  manner  and  placed  in  the  incubator  at  37^  C. 

In  the  following-  results  P  means  that  there  was  a  orowth  oi  jn/ocya- 
neus;  ^  means  that  there  was  a  bacterial  growth,  but  no  evidence  of 
pyocyaneus;  —  means  no  growth. 


ZnCl;. 

Time  of  exposure. 

Percentage 

1 
hour. 

hours 

hours 

5          12 
hours  day.    day.«. 

3 
days. 

4 
days. 

5 
days. 

7 
daj-s. 

14 
days. 

Control... 
0.2 

P 
P 
P 
P 
P 
+ 

P 
P 
P 
P 
P 
+ 

P 
P 
P 

+ 

P         P"       P 
P    1     P         P 
PIP         P 

+      +   !   + 

-_           4-           j- 

P 

P 
P 

+ 

P 
1' 
P 

T 
+ 

P 
P 
P 

+ 
+ 
+ 

P 
P 

■i- 

+ 

+ 
+ 
+ 
+ 
+ 

1  0       

2.0 

n.O 

10  0   

Bacilhis  pyocyaneus  was  used  in  these  experiments  as  a  control,  so 
to  speak,  on  account  of  the  ease  with  which  its  growth  can  be  observed. 

As  its  power  of  resisting  the  action  of  germicides  compares  very 
favorablv  with  that  of  the  nonspore-bearing  pathogenic  organisms  it 
possesses  value  for  control  purposes  in  the  disinfection  of  feces.  When 
exposed  to  the  action  of  zinc  chloride  prepared  in  sewage — with  its 
ho.st  of  various  micro  organisms — the  viability  of  the  />.  pyocyaneus  is 
diminished  as  compared  with  its  viability  when  exposed  in  the  same 
strengths  of  zinc  chloride  preixired  in  distilled  water.  This  ditterence 
is  lather  marked  and  may  l)e  due  to  a  com))ination  of  factors. 

The  sewage  was  slightly  acid  and  of  course  contained  many  other 
organisms  which  in  time  may  have  (overrun  the  ])yocyaneus,  as  it  had 
disappeared  from  the  control  Hask  at  the  end  of  14  days. 

\\\  referring  to  the  preceding  tables  it  will  be  observtnl  that  />. 
jninrymirHs  \s\\--  kjlleti  within  ;■!  hour>  in  the  tla-k  of  sewage  contaiiiing 
5  per  e(Mit  of  /.iiic  chloride,  wiiile  it  was  not  desti-oyed  nfter  7  hours' 
expo-ni'e  in  an  atiueous  solution  of  the  same  strength. 

The  organi>ni-  that  were  still  viable  after  1  oi'  '1  days'  exixi-^ur-'  in 
the  tlji>ks  of  >e\vage  containing  the  larger  i)ercentages  of  /inc  (•lijoritie 
appeared  to  be  prineipally  spore-bearing  organisms. 

It  \va^  next  desired  lo  determine  the  viability  of  some  of  the  j)atho- 
genie  oi'gani^nis.  >iieli  :in  clioiei'a.  typhoid  Irxi  r.  rt«-..  w  lien  exposed 
to  the  action  of  zinc  (•liloi"i<le  in  >e\vage. 

A-  the  o\ cigrowlh  of  ordinarv  sewage  bacteria  niMl\c>  \\\\^  detci-mi- 
nation  in  -.ewage  well  nigh  impossible,  a  --ample  of  sewage  .similai'  to 
that  Used  in  the  aboM-  ex|»eriments  \\ji>  -sterilized  with  >tcam  under 
jircsHiire.  After  sterilization  it  wa>  placed  in  tla-U-  a>  in  I  he  fore- 
going experiment  and  hea\  ily  inocidated  with  -J  ^  hour- old  agar  v\\\- 
tui<-^  of  dillerent  |»athogt'nic  oigani-m-  anil  l  In-  \  Miion-  pci-ccntages 
of  zinc  chloride  added. 
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Inoculations  into  bouillon  at  definite  intervals  were  made  and  placed 
in  the  incubator  at  37^  C.  Following  are  the  results  with  the  difier- 
ent  organisms  used: 

Results  v:hen  B.  dysenteriie  (Shiga)  teas  exposed  in  perceyitages  of  zinc  chloride  prepared 

in  sterile  sewage. 

[+  means  growth;  —  means  no  growth.] 


Percentage  ZnClo 

Time  of  exposure  in  hours. 

1. 

2. 

3. 

5. 

7. 

24. 

1           

+ 
+ 
+ 

-L 

4- 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 

2 

5                               

Results  when  B.  iypliosus  was  exposed  in  percentages  of  zinc  cJdoride  prepared  in  sterile 

sewage. 


Percentage  ZnCL. 

Exposure  in  hours. 

y^- 

1. 

2. 

3..      {       5. 

1 

+ 
+ 
+ 

+       + 

+ 

+ 

- 

2 

5 

Results  when  Vibrio  cholerse  was  exposed  in  percentages  of  zinc  chloride  prepared  in  sterile 

sewage. 


Percentage  ZnCU. 

Exposure  in  hours. 

y^- 

1. 

2. 
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Results  ivhen  B.  pyocyaneus  tvas  exposed  in  percentages  of  zinc  chloride  prepared  in 

sterile  sewage. 
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Controls  were  all  viable  at  the  eiid  of  H  days. 

Sterilization  of  sewage  of  course  alters  its  natural  composition  to  a 
certain  extent,  but  it  is  the  only  i)ractical  way  in  which  the  vial»ility 
of  the  pathogenic  organisms  used  in  these  experiments  with  zinc 
chloride  in  sewage  can  be  determined  with  any  degree  of  accui'acy. 

A  comparison  of  the  results  obtained  undcj-  these  conditions  show 
'that  the}^  do  not  di tier  materially  from  those  ol)taincd  under  similar 
conditions  when  distilled  water  is  used  inMtead  of  stcriU'  s(>\vag(>. 
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EFFECTS  OF  ZINC  CHLORIDE  UPON  SPORE-BEARING  ORGANISMS. 

Experimeuts  were  peifoimed  with  7-(.l;i\  :?-old  agar  cultures  of  B. 
mibtiUs  aud  B.  anfhracifi.  A  hangino--drop  preparation  of  each  cul- 
ture was  examined  before  it  was  used  to  see  that  it  contained  many 
spores. 

Preparations  of  zinc  chloride  varying  from  5  to  100  per  cent  were 
prepared  in  distilled  water  and  20  c.  c.  of  each  strength  placed  in  a 
large  test  tube.  It  may  be  well  to  state  here  that  by  a  lOO  per  cent 
solution  of  zinc  chloride  is  meant  a  solution  made  by  adding  enough 
distilled  water  to  a  given  number  of  grams  of  dry  zinc  chloride  to 
make  the  same  number  of  cubic  centimeters  of  solution.  The  dilu- 
tions were  made  ?lccordingly.  For  the  purpose  of  exposing  the 
.spores  in  these  solutions  of  zinc  chloride  diti'erent  methods  were 
em|)loy(*d.  In  .some  experiments  a  watery  suspension  of  the  organ- 
isms to  V)e  u.sed  was  made  and  added  to  the  diflerent  solutions  of  zinc 
chloride,  after  which  plants  from  each  tube  into  nutrient  bouillon 
were  made  at  definite  intervals  and  placed  in  the  incubator  at  37-  C 

The  results  show  that  the  spores  of  B.  suhtilis  wtnc  still  viable 
after  4  days*  exposure  in  a  loo  per  cent  solution  of  zinc  chloride,  but 
produced  no  growth  when  transplanted  after  5  days"  exposure  in  the 
^5ame  strength.  The  spores  of  B.  aiitJir<(cit<  were  capable  of  multi- 
plying when  transplanted  into  l)ouillon  after  an  exposure  of  7  days  \x\ 
a  "J."*  per  cent  >olution  of  zin<-  chloride. 

An  objection  to  the  al>ove  mode  of  procedure  is  that  when  the 
inoculat«'d  .solutions  of  zinc  chloride  are  to  be  kept  for  a  loiig  period, 
-iiv  a  month,  some  of  the  organisms  that  adhere  to  the  sides  of  the 
t«'>t  tulM'  above  the  licpiid.  and  constMiuciitly  arc  not  immersed  in  it, 
ai«'  liahlf  t<t  Im-  carried  over  in  making  the  jjlaiit'-  from  time  to  time 
and  give  eiT<iiie<iii>  results  as  to  the  gerniicidal  \:ihic  of  llie  sul»stance 
being  determined  or  the  \ial)ility  of  the  organism  under  test. 

Thi-'  i«»  more  likely  to  nccur  if  the  contents  of  the  tube  arc  shaken 
up  lM'f(»re  making  the  inocidalions. 

\\\  u>iiig  a  >leiiie  pipette  for  making  the  inoculations  and  caret'ully 
<-arrving  it  to  the  bottom  of  I  he  I  iil»e.  as  w  as  done  in  t  he  alto\  e  e\j)eii- 
ment>*.  thi>>  p(»s.>>ible  source  of  eiTor  is  re(lnced  to  a  nuniniiini.  The 
princij)al  objection  to  the  Use  of  the  |»ipette  foi"  thi>  ])iirpo^e  is  that 
to(j  mjikIi  of  the  zinc-chloride  sobition  i>  carried  o\t'r. 

The  .nilk-thread  method  was  ;ils()  used  for  exitosing  ilie  oiganisni^  in 
the  zin<'-chloride  solutions  and  proved  metre  satisfactory  than  the 
preceding  method.  Steiile  silU  threads  altont  I  inch  long  were  soaked 
in  a  thick  waleiy  suspension  of  the  organism  to  lie  used  ami  about  I'o 
thri'ud-  placed  in  each  strength  of  /.in«'  chloride.  Inoculations  weic 
made  at  deiinite  interv  aU  Ity  carefnilv  transferring  a  tlnead  to  mitrient 
bouilloti  and  ])lacing  in  the  inciiliatoi  at  37"**  C 
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In  the  more  concentrated  solutions  so  much  of  the  zinc  chloride 
is  carried  over  on  the  thread  that  it  was  found  better  to  use  two 
tubes  of  bouillon  for  each  thread,  one  being  used  to  wash  out  most  of 
the  zinc  chloride,  after  which  the  thread  is  planted  in  another  tube. 
Both  tubes  were  then  incubated  at  37^  C.  The  results  obtained  with 
the  tubes  in  which  the  threads  were  placed  after  washing-  were  much 
more  uniform  and  satisfactory  than  those  in  which  the  threads  were 
washed. 

The  following  are  the  tabulated  results  with  7  daj's  old  spores  of 
B.  cmthracis  on  silk  threads  exposed  in  various  percentages  of  zinc 
chloride  prepared  in  distilled  water: 

[+  means  growth;  — ,  no  growth.] 
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The  spores  of  B.  ."iuhtUif^  on  silk  threads  exposed  in  a  100  per  cent 
solution  of  zinc  chloride  were  viable  at  the  end  of  the  tenth  day,  after 
which  time  the  silk  thread??  were  so  completely  destroyed  by  the  action 
of  the  zinc  chloride  that  further  planting  was  impossible. 

By  substituting  linen  threads,  which  are  not  destroyed  by  a  100  per 
cent  solution  of  zinc  chloride,  for  silk  threads  in  the  above  experiment 
it  was  found  that  the  spores  of  B.  suhtlUs  were  still  viable  after  thirty 
days  exposure. 

SUMMARY  AND  CONCLUSIONS. 

Chloride  of  zinc  has  had  more  or  less  reputation  as  a  deodorant, 
antiseptic,  and  disinfectant  for  man}'  years,  but  it  has  grathially  been 
realized  that  it  was  nuich  overrated,  particularly  as  an  antiseptic  and 
disinfectant,  and  its  us(^  for  thesi^  purposes  is  becoming  more  and  more 
limited. 

It  is  used  as  an  ingredient  of  some  proprietary  preparations  found 
on  the  market  and  vaunted  for  tiieir  disinfectant  powers,  l)ut  its  role 
is  principally  that  of  a  deodoi'aiit.  K\'en  as  a  deodorant  there  are 
certain  objections  or  limitations  to  its  use,  but  For  the  sanitarian  it  is 
the  only  property  of  any  practical  \  alue  that  it  possesses. 

When  zinc  chloride  is  added  to  sewage  in  dilutions  as  high  as 
1:I<), ()<)<)  a  diminution  of  oti'ensive  odors  is  appreciabl(>;  but  this  ctiect 
is  oidy  transitoi'y.  As  the  percentage  of  zinc  chloridi'  is  inocascd  its 
deodoi"izing  ell'ect  becomes  moi"e  marked  and  moi-e  piMMuancnl.  It  i^  a 
fairly  reliable  deodorant  in  ])roi>oi"(ions  varying  from  l:.":0(i  to  l:20(i. 
but  the  exact  percentage  to  l)e  used  in  esich  cas(>  depends  upon  th(> 
kind  and  condition  of  material  to  bo  acted  upon. 
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The  union  of  zinc  chloride  witli  hydrogen  sulphide  is  not  stable 
enough  to  recommend  it  for  the  neutralization  of  this  offensive  com- 
pound. 

The  antiseptic  powers  of  zinc  chloride  are  feeble. 

Prepared  in  nutrient  bouillon  a  percentage  of  about  l:4i'  is  required 
to  inhibit  the  growth  of  nu)ld>  for  1-t  days,  while  under  the  same  con- 
ditions a  strength  of  1:1:^.5  is  recjuired  to  inhil»it  for  the  same  length 
of  time  bacterial  development. 

Added  to  ordinary  sewage,  zinc  chloride  will  inhibit  bacterial  growths 
in  proportions  varying  from  1:500  to  1:200,  depending  to  a  certain 
extent  upon  the  ([uantity  of  nutrition  present. 

Chloride  of  zinc  can  not  be  relied  upon  for  destroying  micro- 
organi<'  life,  as  the  B.  toll  coDnnunis  is  not  killed  in  a  ;")  per  cent 
solution  in  1  iiour's  exposure,  and  it  takes  lit  minutes  for  a  2.5  per 
rent  solution  to  kill  the  >ame  organism. 

It  requires  ;3i>mimites  for  a  •!')  per  cent  solution  to  kill  ^taj>hyIoct>ccm 
I  '!/'",/')> '  •>■  "  >irci/.s. 

Spores  of  B.  suhtilis  are  not  killed  in  a  10<i  per  cent  solution  in  30 
days.  :ind  the  spores  of  B.  aiithraclx  are  not  killed  in  a  .>(»  per  cent 
solution  in  4<»  days. 

Zin<-  chloi-ide  has  some  properties  as  a  deodorant  to  recommend 
it  favorably.  Imt  it--  antiseptic  and  germicidal  powers  are  compara- 
ti\('ly  feeble,  whieli.  with  its  cost  and  caustie  properties,  practically 
eliminate  it  from  the  useful  ana  relial)le  disinfectants. 
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